Abstract-We have demonstrated a heterojunction bipolar transistor using a novel compound collector (CCHBT) design that allows a low-knee voltage and high-breakdown voltage to be obtained simultaneously. The novel aspect of this design is to use a short wide band-gap collector only over a narrow portion of the collector, where the field is highest. This allows support of high fields while maintaining a low overall collector resistance due to the higher mobility of the narrow band-gap material. We demonstrate an offset voltage reduction of about 35% and a knee-voltage reduction of 30%, while increasing both BVCEO and BVCBO by 20 and 27%, respectively, compared to a single heterojunction device of the same collector length.
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I. INTRODUCTION
G aInP/GaAs heterojunction bipolar transistors (HBTs) have attracted a great deal of attention due to their excellent DC&RF characteristics [1] - [4] , noise performance [5] , fabrication properties [6] , and reliability [7] - [10] compared to AlGaAs/GaAs HBTs. One area where InGaP has been expected to play a major role is in double-heterojunction bipolar transistors (DHBTs) [2] - [4] , [11] for high power applications. The typical advantages of DHBTs are high breakdown voltage and low offset voltage (the point on thecurve where ). However, for low-voltage commercial applications, the knee voltage (the point at which the collector current becomes constant on thecurve) is usually worse for DHBTs than for single heterojunction devices [2] - [4] , [11] . This is because the knee voltage also depends on the collector series resistance, which suffers in a typical DHBT from the lower electron mobility in the wide bandgap material. In this work, we present a novel collector design that simultaneously improves the breakdown, offset, and knee voltages of a DHBT compared to a similar single heterojunction AlGaAs/GaAs HBT. We have demonstrated at 20% improvement in break- Publisher Item Identifier S 0018-9383(02)03045-9. 
II. COLLECTOR DESIGN
It has been demonstrated that good DC characteristics can be achieved for InGaP DHBTs by using a GaAs setback layer and a doping spike to smooth the heterojunction notch at the base-collector interface [2] . While these devices showed improved breakdown and offset characteristics, the knee voltages for the DHBT were still significantly higher than for single heterojunction devices. In this work, we propose a collector structure that consists of a short wide bandgap (InGaP) region positioned near the front of the collector, with the rest of the collector consisting of narrow bandgap material (GaAs), as shown in Fig. 1 . We will refer to this structure as a compound collector double heterojunction bipolar transistor (CCHBT). This design has several advantages: 1) the higher field is supported only in the wide bandgap region (for high breakdown); 2) the symmetry of the base-emitter and base-collector junctions lowers the offset voltage; and 3) using the wide bandgap material in the depleted portion of the collector allows a low series resistance (and knee voltage) to be obtained. From Fig. 1 , we see that there is a relationship between the length of the wide bandgap region and the narrow bandgap region given by where maximum breakdown field for InGaP; maximum breakdown field for GaAs; total collector length; length of narrow bandgap collector. After some simple manipulations, we get (2) where is the width of the wide bandgap region. Using the parameters from [2] in (2), we get an approximate length of 3125 A to achieve the best breakdown for a 7000 Å collector. In our design, the total length of the grading, spike, and wide bandgap region is kept to 3000 Å. This is followed by a 4000 Å GaAs region.
The devices used for this work were 50 50 m devices fabricated using a rapid turnaround fabrication process described previously [12] . The device structures are shown in Table I . Common emitter ( -) curves were measured for these devices using an HP4142 semiconductor parameter analyzer. The resulting curves are shown in Fig. 2 . Note that the CCHBT has significantly lower offset and knee voltages compared to the SHBT. This is in excellent agreement with simulation results for both AlGaAs and InGaP devices. It is also important to note that the on-resistances (the slope of versus between the offset voltage and knee) are very comparable for the two devices, demonstrating the benefit of the compound collector design.
and base-collector measurements were also performed on these devices as shown in Figs. 3 and 4 . There is about a 27% improvement in the base-collector diode breakdown characteristic and about a 20% improvement in the , indicating that the doping spike does not significantly degrade the breakdown characteristics. These results indicate that the combination of wide bandgap in the high field region and lower bandgap in the remaining portion of the collector can achieve high breakdown voltage.
III. CONCLUSIONS
We have demonstrated a novel DHBT structure that results in excellent DC characteristics, high breakdown voltage, and low offset and knee voltages. While we have chosen to implement this structure in GaAs based HBTs, it is equally applicable to InP based HBTs as well. The structure we have demonstrated shows an improvement of 200 mV in knee voltage, 20% in breakdown voltage, and 27% in base-collector diode breakdown. These devices will have a significant impact on low-voltage power amplifier applications from the improvement in knee voltage (which translates directly to power added efficiency) and high voltage applications due to the improved breakdown characteristics.
